is a safe and efficacious treatment option for several photoresponsive conditions in adults. NBUVB represents a notable advance in phototherapy and is considered more efficacious than broadband ultraviolet B in the treatment of psoriasis, mycosis fungoides, and vitiligo. NBUVB also has been increasingly tested in the pediatric population as a therapy for diseases, including vitiligo and atopic dermatitis. [1] [2] [3] [4] [5] In 1997, Westerhof and Nieuweboer-Krobotova [6] were the first to study the effect of NBUVB in vitiligo. In 2000, Njoo et al. [7] and 2005, Kanwar and Dogra [8] ABSTRACT Background: Management of vitiligo in children is difficult as therapeutic options are restricted when compared to that in adult patients. Selection of treatment should be careful in these patients with the aim to achieve best results with minimal side effects. Only few studies have been performed to evaluate the efficacy and safety of narrow-band ultraviolet B (NBUVB) therapy in children with vitiligo.
INTRODUCTION
W hen choosing appropriate therapies for dermatologic conditions in the pediatric population, clinicians must not only consider disease severity and morphology also the general systemic safety profile of the treatment. Narrow-band ultraviolet B (NBUVB), ranging from 311 to 313 nm, 28 South Indian children with vitiligo, our experience in management of vitiligo with NBUVB its safety, efficacy, and outcome.
METHODS
Our study group included 28 cases of generalized and localized vitiligo. The study was prospective, open and nonrandomised. 28 children (12 males, 16 females) of vitiligo, with ages ranging from 3 to 16 years, were included from January 2011 to 2013. Children with a history of photosensitizing disorders, sensitive to photosol therapy, and suffering from claustrophobia were not included. All these patients were advised to stop any previous treatment for at least 8 weeks before NBUVB monotherapy.
A complete general and systemic examination was carried out to know the associated systemic diseases. A thorough dermatological examination was carried out taking note of the number of depigmented macules were charted in a pictorial diagram and the approximate percentage of body surface area was calculated using "Rule of Nine." Cases of vitiligo were classified as generalized and localized vitiligo. Relevant hematological and biochemical investigations were carried out in all the patients.
Before starting NBUVB therapy, all the patients with parents were taken around the phototherapy units and were counseled regarding the safety profile, the importance of adherence and compliance and limitations of therapy to alleviate the anxiety of the children. 
Equipment

TREATMENT PROTOCOLS FOLLOWED
As all patients were of skin type IV and V, the minimal erythema dose (MED) was not calculated and the initial dose of 150 mJ/cm 2 was started and the treatment was administered 2 times/week on nonconsecutive days. The irradiation dose was increased by 20% for each subsequent visit till the optimal dose was achieved to obtain minimal erythema in the lesions. If symptomatic erythema, burning pain or blistering developed, the irradiation dose was decreased by 20%. During treatment, the affected parts were only exposed, and the genitalia and other uninvolved areas were protected. Similarly, the eyes were protected by UV-blocking goggles. If significant depigmentation was present on the eyelids and if patients or parents insisted on treating these areas, the patients were advised to keep their eyes closed during treatment.
All the patients were asked to use sunscreens during daytime.
The maximum period of treatment was 12 months or earlier if 75% or greater repigmentation was achieved. Maintenance therapy once in a week for 4 weeks and once in 2 weeks for another 4 weeks was given. If there was no repigmentation even after 6 months of therapy, NBUVB was discontinued. All the patients were examined by the same dermatologist at 4 weeks intervals, and lesional photographs were taken at baseline and thereafter to document the pattern and extent of repigmentation. All the patients were followed-up for 12 months after termination of therapy to observe the stability of repigmentation.
Computerized phototherapy data of all the patients was maintained.
The patient response to NBUVB therapy was grouped as Group A -<25% repigmentation, Group B -25-75% repigmentation and Group C ->75% repigmentation.
Response to treatment was assessed by comparing the photographs of before and after therapy. Patient compliance was scored as Score 1 -<25 treatments, Score 2 -between 25 and 50 treatments, Score 3 -between 50 and 75 treatments and Score 4 ->75 treatments. Data recorded in each of these patients were compared and evaluated at the end of therapy and during follow-up.
Of the 28 patients, 12 (42.8%) were males and 16 (51.2%) were females and their ages ranged from 3 to 16 years [ Table 1 ]. The duration of disease ranged from 1-month to 8 years, with a mean duration of 4 years. 4 (14.2%) patients had a family history of vitiligo, none of the children had any systemic disease association. Majority of the children treated were of localized variety, 6 (21.4%) patients had generalized Table 2 ]. Localized vitiligo lesions were treated with multipurpose localized NBUVB unit with adequate protection of the nonaffected areas with sunscreens and tailor made garments. Of the 28 patients, 26 (92.8%) received NBUVB therapy for 6-12 months. 2 (7.2%) patients had therapy for <3 months because of satisfactory repigmentation.
RESULTS
Of the 28 patients, 2 (7.2%) had 25% repigmentation, 4 (14.2%) achieved 25-75% repigmenation and 22 (78.6%) had more than 75% repigmentation [ . Of these 28 cases, only one case showed depigmentation of repigmented sites.
Certain anatomic sites responded better than others. The best response (i.e. >75% repigmentation) was achieved with lesions located on the face and neck, followed by the trunk, back, arms, and legs. The lesions over the knees, elbows, and other bony prominences seldom showed more than 75% repigmentation. The lesions on the hands, digits, feet, toes, and lips showed < 25% repigmentation. Patients with leukotrichia in the depigmented lesions were resistant to treatment. Focal vitiligo responded earlier, and best response was achieved followed by facial, segmental, acral, and generalized vitiligo [ .
Repigmentation in a majority of the cases was follicular in nature, and a few repigmentation occurred from the periphery. Most patients experienced that the initial repigmentation was darker. Few weeks later, in all the cases, the repigmented color matched well with the normal skin, giving a good cosmetic appearance. The disease activity had significantly decreased after NBUVB therapy. Before therapy, most patients, 12 (42.8%), had active disease, whereas after therapy, the disease had stabilized in all of the cases. The response to therapy was faster and good in children with a short duration of the disease. The duration of disease ranged from 1-month to 8 years with a mean duration of 4 years. 26 patients had duration of vitiligo of 5 years, or less and 2 patients had duration of vitiligo of more than 5 years [ Table 3 ].
Periodic and systematic analysis was done for the recorded phototherapy data of all patients for any relation between the response and the number of exposures, duration of treatment and the compliance [ Table 4 ].
The adverse side effects were minimal, and none of the patients required cessation of therapy. 3 (10.6%) patients reported mild erythema/burning/pruritus and 8 (28.6%) patients complained of xerosis. All these side effects were mild and resolved on tapering the irradiation dose or with topical application of an emollient. All the patients had good stability of repigmentation with only 1 (2.8%) patient developed depigmentation of repigmented sites during the follow-up period of 12 months.
DISCUSSION
Vitiligo can be a challenging condition to treat in children because of a lack of markedly efficacious treatments and limited available data in pediatric patients. [1, 2] NBUVB may be a safe and preferred treatment option for children with vitiligo because it is generally well-tolerated with minimal side effects. Though, psoralen and ultraviolet A (PUVA) is also a treatment option for vitiligo but may be considered second line to NBUVB because of the associated higher side effects. NBUVB therapy is now a more or less established and recommended phototherapy for generalized vitiligo, pregnant women, and children because of the high safety profile. [3] [4] [5] Determination of MEDs is essential for rational treatment with UV light. Serish and Srinivas reported that the mean MED for NBUVB was 300 mJ/cm 2 for the Indian adults skin. [9] In the present study, although MED was not calculated, the NBUVB therapy in children was started with an initial dose of 150 mJ/cm 2 . The optimal NBUVB irradiation regimen has yet to be defined. Hence, large-scale studies are warranted to establish the standard protocol of NBUVB therapy in children.
Literature review showed, 20 children treated with NBUVB for vitiligo, 75% of patients achieved marked or complete repigmentation after an average 34 phototherapy treatments. [10] In another study, NBUVB was used to treat 9 pediatric patients with either localized or generalized vitiligo. [11] Response, which was defined as >50% repigmentation, was achieved in 44% of those patients. The median number of treatments required for response was 14 but ranged widely among patients from 9 to 107 treatments. Thus, NBUVB can represent a preferred treatment option for children with vitiligo.
Brazzelli et al. [12] studied 10 Caucasian Italian children (six boys, four girls, mean age 9.7 years ± 2.67). Treatment mean term was 5.6 months; frequency was 3 times a week on nonconsecutive days or only twice a week. The percentage of repigmentation was evaluated by comparing photographs taken before, during, and after the treatment, and showed a repigmentation level higher than 75% in 5 patients (5/10, 50%) and between 26% and 75% in 3 patients (3/10, 30%). No significant relationships between repigmentation grades and variables such as skin type, positive family history, and disease extension were observed.
Tan et al. [13] conducted a prospective analysis of children (<16-year-old), in 116 children received phototherapy with a total of 144 courses. Mean age was 11.0 years with the majority being European and having skin phototype II. Treatment was effective in the majority of children (72%). Most received only one course. For responders, the mean number of treatments was 32.4. The mean dose per treatment to achieve clearance was 886 mJ/cm 2 and the mean maximum treatment dose per treatment was 1328 mJ/cm 2 . All children tolerated treatment well with 36% developing brief, minimally symptomatic, erythema. This study concluded that phototherapy is an effective and well-tolerated treatment modality in children.
In this particular study, the lesser number of exposures (51 ± 19) were required to achieve 25-75% repigmentation and hence lesser cumulative dose compared to the observations reported in other western studies. [6, 7, [11] [12] [13] [14] Our study and other Indian studies [8, 9, 10] showed that dark skin (Fitzpatrick type IV and V) requires lesser number of exposures and cumulative dose to achieve 25-75% repigmentation when compared with white skin (Fitzpatrick I and II). It has also been observed in our study that with good adherence to therapy and compliance, with more number of exposures and cumulative dose faster and good response can be achieved.
We have also observed during the course of therapy that initially, in some patients, newer lesions used to develop but while continuing the therapy, newer lesions cease to appear, and the disease was stabilized. This could be due to the immunomodulatory effect of NBUVB, although the precise mechanisms are still not known.
In our study also certain anatomical sites such as face, neck, trunk, and back responded faster, with better repigmentation to NBUVB therapy, and poor response was observed over the acral areas. The repigmentation achieved in all the cases was cosmetically accepted and matched with the surrounding normal skin, unlike in PUVA therapy. In this way, NBUVB therapy is superior to oral PUVA therapy.
In our study panel, NBUVB equipment was used in children and patients with localized vitiligo and children with claustrophobia. This particular NBUVB equipment was found to be useful and handy, particularly in the pediatric age group, and similar results were obtained. It has been observed that the majority of children responded faster with good repigmentation (>75%), with lesser number of exposures and cumulative dose of NBUVB.
The adverse effects in our study were minimal, and none of the patients required discontinuation of therapy. The adverse effect profile observed in our study was similar to that reported in the literature. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] All these studies, including ours, clearly establish the safety profile of NBUVB therapy. During the follow-up period of 12 months, of the 28 patients, only 1 patient developed depigmentation of repigmented sites. However, our study group consisted of only 28 patients to be conclusive, but the results show that children with recent onset of vitiligo have a better response to the therapy. We feel that NBUVB therapy is a valuable and safe option for the treatment of pediatric vitiligo, and should be started as soon as possible. Further large-scale studies are warranted, and long-term follow-up is needed to observe the stability of repigmentation.
Childhood vitiligo with its profound psychological effects on both the child and parent, psychological approaches needs to be assessed to see if they can help sufferers. Quality-of-life and coping mechanisms may improve over time in patients with vitiligo. Cognitive behavioral therapy strategies rather than avoidance or concealment may be associated with better coping. Schwartz et al. [16] observed a higher frequency of shyness to change, fear for strangers and predominant fear in children with vitiligo in comparison to healthy siblings. The child's perception about illness and difficulties in interaction with other children must be noted at every visit to the clinician and addressed accordingly.
CONCLUSIONS
This study establishes that NBUVB therapy is an effective and safe modality to treat vitiligo in children with cosmetically acceptable repigmentation especially in South Indian skin types. Therefore, all the patients and parents should be properly educated and counseled before offering NBUVB therapy. Adherence and good compliance are prerequisites for this therapy to achieve satisfactory repigmentation.
